Introduction
The incidence of radiation bowel disease (RBD) appears to have increased in recent years due to a variety of changes in the treatment of carcinoma cervix, including a change from radium to caesium-137 for intracavity treatment, the introduction of second-generation remote afterloading systems and changes in external radiotherapy methods'.
Although some authors have attributed a predominant significance to one or other of these changes2, it seems probable that all have played a part in different ways.
Previously we have defined .3 separate types of radiation-induced injury: early problems at or shortly after treatment which rarely require surgery; problems occurring many years after X-ray therapy due to fibrous strictures; and problems which occur between 6 and 18 months after treatment3. It is this last group which is the most common and which will be discussed here in some detail.
Pathogenesis
It is apparent that the basic lesion in RBD is ischaemia due to small intramural vessel blockage4. This may produce mucosal ulceration or fullthickness necrosis of the bowel wall5. These changes lead to bleeding, local abscess formation or rectovaginal fistula some months after treatment, but if they resolve then fibrous strictures may occur years later3.
The degree of devascularization of the bowel wall can be assessed in operative specimens6. The volume of the intramural vessels can be assessed by a technique which involves injecting the fresh specimen with dilute barium suspension and estimating the amount of barium in tissue blocks in relation to the other tissues by means of an X-ray fluorescence system. The method is described in full elsewhere6.
Comparison of a control group of normal colon (obtained from resection for colonic carcinoma) and radiation-damaged colon confirms devascularization in RBD (Figure 1) . Quantitation of the vascular bed at several distances from a fixed reference point shows that the length of bowel involved in the devascularization is less in patients previously treated by intracavity treatment alone ( Figure 2 ) than when both external X-ray therapy and intracavity treatment have been used where the lesion is much more extensive ( Figure 3 ). The practical significance is that resection has to be more extensive in patients who have had combined methods of radiation treatment.
Three regions of the bowel seem to be particularly at risk from pelvic radiotherapy: (1) the anal canal and lower rectum, probably due to downward displacement of the intravaginal radionuclide2; (2) the upper rectum or sigmoid colon, probably due directly to a high-dose effect, particularly if the sigmoid colon lies in the pouch of Douglas; (3) the terminal ileum if it lies in the rectovaginal pouch. Occasionally the ileum or sigmoid colon is damaged after intracavity treatment alone, possibly due to a long rigid intrauterine applicator2. In this situation the lesion is much more-localized.
The low lesion may present with anal pain or bleeding and frequently goes on to rectovaginal fistula formation. The high rectosigmoid lesion may present with bleeding or with chronic perforation with signis of pelvic sepsis and incomplete obstruction. The ileal lesion almost invariably presents with recurrent-incomplete small bowel obstruction. spontaneous resolution can be expected in a majority within 18 months, so that few of these patients require surgery7. If the bleeding is so massive as to require blood transfusion, then a higher proportion of patients require surgery; but if the patients have abdominal pain or significant bowel disturbance in addition to bleeding they invariably require surgery7.
The results of surgical treatment are assessed here in relation to all patients operated on between 1977 and 1983 inclusive by one of the authors (PFS) for RBD after treatment of cervical cancer. The radiotherapy regimen in 56 patients was intracavity alone in 11, and intracavity plus external in 45; the other patients received their radiotherapy elsewhere.
Operation for ileal disease Our routine practice has been to excise the affected ileum widely, removing at least 50 cm. However, only a small amount of right colon needs to be resected. The majority of patients have had end-to-end anastomosis. There has been no anastomotic leakage, in contrast to other series8. The results of follow up are shown in Figure 4A . It should be noted that although carcinoma recurrence is the predominant cause of death, there is a high incidence of urinary tract injury which may well contribute to a fatal outcome. Serious urinary tract disease may affect the bladder, with contracture to such a small volume that the patient suffers intolerable frequency. Alternatively Figure 3 . Serial sections assessed as in Figure 2 in 4patients who had had both intracavity and external radiotherapy. Note the length of the devascularized bowel Operation for colonic disease In our view it is now well established that resection is preferable to simple colostomy9 10, and this has been our policy wherever possible. Ideally a restorative resection -either of the anterior resection or colo-anal type"1 -is desirable, but some patients have lesions which are so low that the low rectum and anal canal are unsuitable for anastomosis and in this situation an abdominoperineal resection is required.
All 21 patients who had a restorative resection had a protective transverse dependent loop colostomy'2 which was subsequently closed. Follow up shows that a number of patients died of recurrent carcinoma or severe urinary tract radiation disease ( Figure 4B ). Three patients developed a late rectovaginal fistula indicating progression of the RBD; these patients have all been salvaged by further surgery. There was no operative mortality amongst 15 patients having abdominoperineal excision of the rectum. Follow up indicates that some patients died from recurrent carcinoma and some from severe radiation urinary tract disease, but a significant number remain alive and well (Figure 4c ). The 11 patients who had colostomy alone have not done well. This is not only due to the fact that this procedure is less satisfactory but also because some of these patients were too ill for excisional surgery ( Figure 4D ).
Conclusion
Although there appears to have been some increase in the incidence of radiation injury after pelvic radiotherapy in recent years, this is still low in relation to the number of patients treated. It is important to recognize the problem and distinguish it from recurrent malignancy, for undoubtedly a number of patients can be restored to good health with adequate surgery. There may be problems of anastomotic healing because of the ischaemic nature of the disease13. However, with wide excision these problems can be avoided in ileal disease. The problem is more difficult in colonic disease, for whilst a minority have a well vascularized low rectum and/or anal canal, some have disease with such gross distal involvement that restorative resection is either hazardous or foolhardy. It is important to recognize this situation as such patients are best treated by abdominoperineal resection. The final, and probably the most worrying, factor is that a moderate proportion of our patients have developed severe urinary tract radiation damage some months after surgery. This is more difficult to treat than the bowel disease and has been the cause of a fatal outcome in several patients.
